Light scattering is used to measure the dynamics of the repetitive collapse of a sonoluminescing bubble of gas trapped in water. It is found that the surface of the bubble is collapsing with a supersonic velocity at about the time of light emission which in turn precedes the minimum bubble radius by about 0.03% of the period of the acoustic drive. These observations suggest that the shedding of an imploding shock mediates between the bubble collapse and light emission. Fig. 1, which 
For various experimental parameters the pulse width is less than 50 ps and the peak powers are over 30 mW [1, 3] .
To date there is no explanation of how the fash width can be 6 orders of magnitude faster than the acoustic frequency, nor do we have an understanding of the parameters which determine the limits of the energy concentration that can be achieved. Toward this end we have set out to measure the detailed temporal evolution of the bubble radius [i.e. , R(t)] and to compare it to the hydrodynamic theory of cavitation (the so-called Rayleigh- Plesset or RP equation [4] ).
We find that (a) just before the minimum radius is reached the implosion velocity exceeds Mach-1 relative to the gas (for an acoustic period of 37.7 ps Mach-1 is reached about 10 ns before R, ); (b) the SL light is also emitted just prior to the minimum (about 5-10 ns prior to R"); (c) R is about 40 pm and Ro is about 4 pm which are much smaller than assumed or measured in previous works [5] ; (d) [3] .
Use of faster detectors shows that the width of the SL spike is actually less than 50 ps [3] . P =PoRo"/(R -a )", (2) where y is the ratio of specific heats and we see that Pg =Po when R=Ro. Equation (1) is the RP equation modified to include acoustic radiation damping and the van der Waals hard core a (for air Ro/a = 8.5) and surface tension has been neglected. The data T(t) have a characteristic ratio of R", to Ro. For a given ambient size bubble this ratio can be achieved by varying P, ' in the solution to Eq. (1) [8] . To find the correct ambient size the rate of expansion in T(t) is matched. There is a unique Ro and P, ' which wi11 best match the data. Figure   3 (a) shows that these matches are quite remarkable. The drive pressure of 1.3 atm is consistent with our measurements [3] and R", is consistent with our upper bound estimates using a microscope. Once a match is found we have R(t) = T(t) R",/T, where T", is the value of T at R", (this defines the heretofore undetermined proportionality constant between scattered intensity and R'-).
When data were taken near the minimum of the first col- (2) Figure 4(a) shows the breathing bounces made by the bubble after the light is emitted. This is a blowup of the region shown in Fig. 3(a) (I) . The bounces as well as the ambient radii are far smaller than those reported previously [5) ; we also find that the bubble radius is a constant for a sizable portion of the acoustic period that precedes its being recharged. Figure 4(b) shows the supersonic collapse of the trapped bubble. It is a blowup of the region shown in Fig. 4(a) R increases past R, is due to the radiation of sound energy and the shedding of a shock that occurs just before R,.
The rise time of the R2027 PMT is 2.5 ns and the trigger jitter was measured to be less than 400 ps.
According to Eqs. (I) and (2) [9] ). The reaction of the shock back onto the Auid-gas interface can cushion the collapse. Further evidence for the generation of an imploding shock is provided by the inset to Fig. 4(b) .
These data were obtained by removing the laser line pass filter used to acquire Fig. 4(b 3(b) , respectively, lies a region of "dancing instability" that has been ascribed to the parametric excitation of aspherical surface waves [5] . Throughout this paper we have assumed that the bubble motion is radial.
In conclusion, we have shown that light scattering measurements can resolve, on a nanosecond time scale, the supersonic motion of a bubble as its radius varies between 1 and 40 pm. These data indicate that SL is due to the excitation which accompanies a strong imploding shock wave that is shed by a gas-filled bubble as it collapses at a supersonic velocity. The recharging of the bubble as well as its approach to a sonic velocity is described well by Eqs. (I) and (2) . Implicit in the equation of state [Eq. (2) ] is the assumption that the gas pressure in the bubble is independent of position. This is true for R/cg«1 [8] ; but as R approaches eg modulations and discontinuities can form. The unification of Eq. (I ) to include the shedding of an imploding shock remains to be carried out. For an ideal shock the temperature at the origin of the bubble will go to infinity [11] . Thus mechanisms which damp the shock and lead to a finite thickness constitute an essential ingredient in determining the limits of energy concentration that can be achieved with SL [8] .
